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Involvement of Streptococcus mutans in the pathogenesis of dental caries among human populations is well established. 
Here, we studied the effect of gallic acid, a naturally occurring polyphenol on certain cariogenic activities of  
S. mutans. Gallic acid inhibited the glycosyltransferase activity, a key enzyme of sucrose metabolism by 27-36% in  
S. mutans. Minimal inhibitory concentration (MIC) of gallic acid (136 μg/mL) inhibited the growth of S. mutans by 50%. 
About 0.4 mM of the polyphenol reduced biofilm formation by 40%, hydrophobicity 60% and acid production 36% by the 
organism under in vitro growth conditions. Fluorescence microscopy revealed that in absence of gallic acid, the cells were 
present as clumps, however in the presence of gallic acid (68 µg/mL), they were well segregated due to the inhibition of 
biofilm formation. The present findings suggest that gallic acid has cariostatic activity against S. mutans, which may have 
potential application in prevention of dental caries. 
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Dental caries is a multifactorial disease that leads to 
decalcification and destruction of tooth1. A number of 
Gram-positive bacteria including Streptococcus mutans 
are closely related to the formation and progression of 
the disease2. The cariogenic potential of this organism 
resides in its ability to produce large amounts of 
extracellular polysaccharides or glucans from sucrose 
by the action of glucosyltransferases (GTFs), coupled 
with its adhesion and acid producing activities. The 
acids so produced dissolve the tooth enamel 
consequently leading to localized decalcification, cavity 
formation and breakdown of calcified dental tissue3. The 
extracellular glucans promote the accumulation of 
cariogenic bacteria on the tooth surface, and are critical 
for the formation and structural integrity of biofilms4-6. 
Bacterial adhesion to the tooth surface involves 
hydrophobic interactions between complementary 
molecules on the microorganism and the host surface7. 
S. mutans has a high degree of surface hydrophobicity, 
and its adhesion to saliva coated surfaces is dependent 
upon hydrophobic interactions8. Thus, an important 
approach for the prevention of dental caries may be to 
inhibit the activities of GTFs, which are the crucial 
constituents of biofilm formation in S. mutans. A variety 
of compounds have been employed to inhibit the growth 
and adherence of S. mutans to the tooth surface in order 
to prevent dental caries9,10. However, S. mutans is either 
resistant to many of the antibacterial agents viz., 
penicillin, amoxicillin, tetracycline, cefuroxime and 
erythromycin11 or they may lead to side effects including 
gastrointestinal problems12.  
 
Gallic acid (3,4,5-trihydroxybenzoic acid) is an 
endogenous plant polyphenol, abundantly found in a 
number of plants and fruits, which include oak bark, 
gallnuts, grapes, pomegranate and berries13,14. Shadi & 
Naczki15 described that red fruits, black radish and 
onions contain gallic acid in 10s of mg per kg of the 
fresh weight. Tea is an important source of gallic acid 
containing up to 4.5 g per kg of the fresh weight16.  
 
Kim17 has reported that gallic acid acts as anti-
melanogenic agent by reducing tyrosine kinase 
activity. It is shown to impair lysozyme, chymotrypsin 
and amylase activities over a wide range of pH. Gallic 
acid is a potent inhibitor of brush border 
disaccharidases in mammalian intestine18. In the 
present report, we describe the effect of gallic acid on 
certain cariogenic parameters of S. mutans in vitro. 
 
Materials and Methods 
 
Chemicals 
All the chemicals used were of analytical grade. 
Agar, Brain Heart Infusion Broth (BHI), exogenous 
dextrose, glucose, sucrose, peptone and maleic acid, 
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NaCl, yeast, and ethanol were obtained from HiMedia 
Pvt. Ltd. (Mumbai, India). Sephadex G-200 and gallic 
acid was purchased from Sigma Chemical Co.  
(St. Louis, MO, USA). All other chemicals used were 
obtained from E. Merck Pvt. Ltd. (Mumbai, India) or 
Sisco Research Lab Pvt. Ltd. (Mumbai, India). 
 
Bacterial strain 
A lyophilized culture of Streptococcus mutans 
(MTCC 890) was obtained from microbial type culture 
collection (MTCC), Institute of Microbial Technology 
(IMTECH), Chandigarh, India. 
 
Growth of bacterial strain 
For revival of the bacteria, the strain was inoculated 
into growth medium-87 media (1% dextrose, peptone, 
yeast extract, 0.5% BHI and 2% agar, pH 7.2-7.5) 
containing 0.05% Tween 80 and the inoculated broth 
was incubated for 18-24 h at 37C19. Culture purity was 
checked regularly by microscopic examination.  
 
Cell free extracts 
Cells grown in batch culture (500 mL) were 
harvested by centrifugation at 12000 rpm for 20 min at 
4C and washed thrice with saline (0.9% NaCl). The 
supernatant fluid served as the cell-free extract and was 
used as the enzyme source20. 
 
Assay of glycosyltransferase activity 
Glycosyltransferase activity was determined 
following the method of Mukasa et al.21. Reaction tube 
contained 200 µL of the enzyme, 0.02% sodium azide, 
32.40 mg of sucrose, with or without 0.34 mg of 
exogenous dextran T20 having zero or different 
concentrations of gallic acid in 20 mM sodium maleate 
buffer (pH 6.0) in a total volume of 2 mL. Incubation 
was carried out at 37C for 2 h. The reaction was 
terminated by placing the tubes in a boiling water bath 
for 5 min. The supernatant was removed and the tube 
contents were washed with sterile water. Total amounts 
of water-soluble and insoluble glucan were measured 
by the phenol-sulphuric acid method22. Three 
replicates were made for each concentration of the 
extracts and enzyme activity was calculated. 
 
Determination of minimum inhibitory concentration (MIC) 
MIC of gallic acid was determined by plate-hole 
assay as described by McRae et al.23. The MIC was the 
lowest concentration, which yielded a visible zone of 
inhibition more than 6 mm. About 100 μL of the 
culture was spread on BHI agar and allowed to dry for 
10 min. A sterilized core-borer (6 mm diameter) was 
used to produce wells in the agar. Increasing 
concentrations of gallic acid (4.25-300 μg/mL) were 
dispensed into each well. All assays were performed in 
triplicate, by incubating overnight at 37C under capno-
philic conditions. Except otherwise stated sub minimal 
concentrations of gallic acid (68 µg/mL or 0.4 mM) 
were used in all subsequent experiments. 
 
Sucrose-dependent and sucrose-independent adherence of  
S. mutans to smooth glass surfaces 
The effect of the sub-MIC concentrations of gallic 
acid on the adhesion of S. mutans to smooth glass 
surface was studied following the method of  
Zhao et al.24. The organism was grown in a glass tube 
at an angle of 30° containing 10 mL of BHI medium 
with different concentrations of polyphenol with or 
without sucrose 5% (w/v) at 37C for 24 h. The 
appropriate controls of BHI were run simultaneously. 
After incubation, the glass tubes were slightly rotated 
and the planktonic cells were decanted. The adhered 
cells were removed and agitated by adding 0.5 M of 
sodium hydroxide. The cells were washed and 
suspended in normal saline. The cell adherence was 
quantified spectrophotometrically by measuring OD at 
600 nm. All the determinations were made in triplicate, 
using untreated BHI medium as the control. 
 
Percentage adherence =
OD of adhered cells
OD of total cells
× 100 
 
Determination of cell-surface hydrophobicity 
The cell surface hydrophobicity of S. mutans was 
determined following the microbial adhesion test as 
described by Martin et al.25. The cells were grown in BHI 
medium supplemented with 5% sucrose and different 
concentrations of gallic acid (4.25-68 μg/mL). The 
cells were taken in sterile saline (0.85%) and optical 
density was adjusted to 0.3 at 600 nm. 2.5 mL of the 
cell suspension was placed in a tube and 0.2 mL of 
toluene was added. After vortexing for 2 min, they 
were allowed to equilibrate at room temperature  
(25-28C) for 15 min. After separating the organic 
phase, OD of the aqueous solution was measured at 
600 nm. Controls with Streptococcus mutans alone 
were run simultaneously, hydrophobic index >70% 
was arbitrarily classified as hydrophobic.  
 
Collection of saliva 
The saliva was collected from healthy individuals, 
who abstained from tooth brushing and eating for 4-5 h 
prior to collection. In order to increase saliva secretion, 
the subjects were allowed to chew parafilm before 
collection of saliva. To obtain clarified saliva it was 
centrifuged at 8000 g for 15 min, and stored at ˗80C. 
The plate wells were coated with 100 µL of the saliva, 




and incubated at 37C for 2 h to form the salivary 
pellicles. After incubation, the plates were rinsed thrice 
with 100 µL PBS before adding the bacterial culture as 
described by Khan et al.26. 
 
Biofilm formation assay 
The procedure of Wen et al.27 was used to determine 
the biofilm formation using 96-well microtitre flat 
bottom plates. The ability of S. mutans to form biofilms 
was studied in the presence and absence of salivary 
pellicle. Cells grown to the mid-log phase (OD of 1 at 
600 nm) were inoculated in fresh BHI medium 
containing sucrose 5% (w/v). The wells were first 
coated with saliva before adding the bacterial 
suspension and incubated for another 2 h at 37°C. The 
cells were washed three times with PBS followed by 
air drying for 35 min. 250 µL of bacterial suspension 
was added both uncoated and coated wells of plates 
containing varying concentrations of gallic acid 
(2.125-68 µg/mL) and plates were incubated for 24 h 
at 37C. Blanks with media alone were run as the 
controls. To remove the loosely bound cells, the plates 
were washed thrice with 250 µL of sterile distilled 
water and the cells were stained with 50 µL of 0.1% 
crystal violet for 15 min. After rinsing twice with  
250 µL of sterile water, the bound dye was removed 
from the stained cells using 250 µL of 99% ethanol. 
Plates were then placed on a shaker for 5 min to allow 
full release of the dye. Biofilm formed was quantified 
by measuring optical density at 600 nm using ELISA 
plate reader (BioTek).  
 
Effect on acid production 
The method of Ciardi et al.28 was used to determine 
acid production by S. mutans. 5% (w/v) of sucrose in  
5 mL of BHI broth containing different concentrations 
of gallic acid (4-68 µg/mL) were inoculated with  
100 µL of 18 h cultures of S. mutans. To obtain a final 
inoculum of 1.5 × 104 CFU per mL, the cell culture was 
incubated at 37C for 24 h. The pH of the bacterial 
medium was determined at 0 h and after 24 h of 
incubation. Except otherwise stated all determinations 




To examine the effect of gallic acid on biofilm 
formation by S. mutans, the cells were grown on saliva-
coated glass cover slips. S. mutans was grown in BHI 
supplemented with 5% sucrose in a 6-well microtiter 
plate29. All measurements were done in triplicates. 
Gallic acid concentration used was 68 µg/mL, and 
untreated cells served as the controls. After 
inoculation, the wells were incubated at 37°C for 24 h. 
The cover slips were removed from the media and 
gently washed with sterile PBS to remove the 
unattached cells. Cover slips were then stained with 
propidium iodide for 1h. Samples were examined 
under Fluorescent microscope (Axioscope Al, Carl 
Zeiss, Germany). The biofilm formed was scanned 
randomly at 4-5 different positions as described by 
Koo et al.30. 
 
Statistical analysis 
The results were expressed as mean ± S.D. except 
otherwise stated. Statistical analysis of the data was 





Effect of gallic acid on S. mutans growth 
Using the plate hole assay, the effect of gallic acid 
on the growth of S. mutans was studied by adding 
different amounts of gallic acid to the growth medium. 
Gallic acid at a concentration of 136 µg/mL (0.8 mM) 
yielded inhibitory zone of 22 ± 0.09 mm corresponding 
to 50% inhibition of S. mutans growth (results not 
shown). 
 
Effect of gallic acid on glycosyltransferase activity 
As shown in Table-1, the activity of glycosyl-
transferase was reduced by 35-40% in presence of 
gallic acid, which was 0.526±0.09 in the control and 
0.314±0.15 in the presence of 0.4 mM gallic acid. In 
addition, the effect of various other polyphenols was 
also studied on glycosyltransferase activity. Compared 
to gallic acid, the enzyme inhibition by tannic acid, 
syringic acid and catechin was relatively small, thus 
further studies were carried out using gallic acid alone 
and are reported herein. 
The addition of gallic acid 8.5-68 µg/mL to the 
assay system reduced glucan formation in a 
concentration dependent manner (Fig. 1). At a 
concentration of 8.5-17.0 µg/mL, gallic acid inhibited  
 
Table 1 — Effect of gallic, tannic and syringic acids and catechins 




(µmol /mg protein) 
Control 0 0.526±0.09 
Gallic acid 34 0.344±0.15 (34.61%) 
Tannic acid 17 0.357±0.07 (32.13%’) 
Syringic acid 68 0.36±0.05 (30.04%) 
Catechin 68 0.384±0.09 (27%) 
Values shown in parentheses are % inhibition.  
[Values are Mean ±S.D; n=4] 
 




glucan formation by 15-20%. Increasing the 
polyphenol concentration to 34-68 µg/mL in the assay 
system, however produced 30-40% reduction in glucan 
formation under the experimental conditions. 
 
Sucrose-dependent and independent glass surface adherence 
of S. mutans 
The effect of different concentrations of gallic acid 
(8.5-68 µg/mL) on the adherence of S. mutans to glass 
tubes was also analyzed in the presence or absence of 
sucrose. Addition of gallic acid to the assay system 
progressively inhibited both the sucrose-dependent and 
sucrose-independent adherence of S. mutans to glass 
surface at gallic acid concentration of 68 µg/mL by  
50-60% and 40-50%, respectively (Fig. 1). The 
inhibition of sucrose-dependent adherence of the cells 
was far more pronounced than in the absence of 
sucrose. 
 
Effect of gallic acid on hydrophobicity of S. mutans 
The effect of different concentrations (4.25-68 µg/mL) 
of gallic acid on hydrophobicity of S. mutans 
elucidated that there was a gradual decline in cell 
surface hydrophobicity of S. mutans as the amount of 
gallic acid was increased in the assay tube (Fig. 1C). 
About 8.5-17.0 µg/mL gallic acid reduced 
hydrophobicity by 20-30% of the control values. 
However Gallic acid at a concentration of 68 µg/mL 
reduced the cell surface hydrophobicity by over 60% 
under these conditions. 
 
Effect of gallic acid on biofilm formation by S. mutans 
Gallic acid also impaired biofilm formation by  
S. mutans in a dose-dependent manner (Fig. 1D). 
About 2.12-17 µg/mL of gallic acid reduced biofilm 
formation by 10-15% when the glass surface was 
coated or not with saliva. However, gallic acid at a 
concentration of 68 µg/mL reduced the biofilm 
formation by approximately over 40% in the presence  
of salivary pellicle. In the absence of salivary pellicle, 
the biofilm reduction was around 10% of the control 
values.  
 
Effect of gallic acid on acid production by S. mutans 
One of the characteristics of cariogenic S. mutans is 
its ability to survive in acidic environment as cells 
produce acid in the medium. Thus, the effect of 
different concentrations (0-68 µg/mL) of gallic acid on 
acid production by S. mutans was also investigated. As 
shown in Table-2, there was a significant change in the 
pH value of the medium with a gradual increase of 
gallic acid in the growth medium of S. mutans. 
Addition of 68 µg/mL of gallic acid elevated the pH of 
S. mutans medium from 4.43 in the control to pH 6.02, 
in the presence of polyphenol.  
 
Biofilm architecture visualized by microscopy 
The effect of gallic acid on biofilm architecture of  
S. mutans was also studied. As shown in Fig. 2, 
fluorescence microscopy revealed reduced synthesis of 
extracellular polysaccharides in presence of the 
polyphenol. For these experiments, sub-MIC 
concentration of gallic acid (68 µg/mL) was used. The 




Fig. 1 — Effect of Gallic acid on (A) glucan formation in Streptococcus mutans; (B) the glass dependent adherence of S. mutans in the 
absence (sucrose-independent) and in presence of 5% sucrose (sucrose- dependent); (C) on cell-surface hydrophobicity of S. mutans; and 
(D) biofilm formation by S. mutans in the presence and absence of salivary pellicle. [All Values are mean ± SD; n=4] 
 
 
Table 2 — Effect of gallic acid on the pH of medium in S. mutans 
Gallic acid (µg/mL) pH at 0 time (onset) pH (after 24 h) 
0 7.45±0.08 4.45±0.06 
4 7.42±0.05 4.85±0.08 
8 7.37±0.09 5.18±0.04 
17 7.36±0.05 5.45±0.1 
34 7.34±0.04 5.88±0.16 
68 7.39±0.07 6.02±0.07 
[Different concentrations of gallic acid were added to 1.5×104 
CFU/ml S.mutans cells. The pH of the medium was recorded after 
24 h of incubation at 37°C. All the determinations were made in 
triplicate. Values are mean ± SD; n=4] 
 




to the polysaccharide matrix while cells grown in 
presence of gallic acid were well dispersed and 
separated. This implied reduced formation of 
extracellular matrix polysaccharides leading to 




Streptococcus mutans optimizes the expression of 
various virulence traits like acidogenecity, aciduracity, 
extracellular polysaccharide synthesis, biofilm 
formation, cell-cell signalling and adherence to tooth 
surface. Numerous strategies including the use of 
antibiotics to inhibit the growth of S. mutans have been 
described11. A number of plant extracts have been 
reported to inhibit the growth of S. mutans but the 
precise nature of plant ingredients responsible for the 
cariostatic activity are unknown. In this study, we 
observed that naturally occurring plant polyphenol, 
gallic acid, exhibit anti-cariogenic activities against 
S.mutans. Gallic acid molecule has polyhydoxyl 
constellation, resembling sucrose structure, thus 
inhibits dextran-sucrase activity in S. mutans31. The 
synthesis of glucans from sucrose by GTFs is one of 
the most important virulence properties of S. mutans 
that contributes to the development of mature dental 
plaques32. S. mutans promotes plaque formation by 
synthesizing water-insoluble glucan2. On the surface of 
a saliva-coated tooth, GTFase can absorb in an active 
form and synthesize water-insoluble glucans from 
sucrose32. Present data showed that 0.4mm gallic acid 
inhibited nearly 35-40% of glycosyltransferase activity 
in vitro. It has been proposed that lone pair of electrons 
present on oxygen atom of the carboxyl group in the 
polyphenol may act as proton acceptor from the active 
site residues in the enzyme protein which forms an 
intermediate between the substrate and the enzyme, 
thus may impair the activity of disaccharidases18. A 
similar mechanism may be involved in the inhibition 
of GTF activity, which employs sucrose as the 
substrate for the synthesis of extracellular glucans. 
 
Adherence of S. mutans to the tooth surface is an 
important step in the formation of dental plaques32. The 
present findings revealed that the adherence of  
S. mutans to glass surface was reduced by 50-60 % at 
all concentrations of gallic acid used (8.5-68 µg/ mL). 
There was a marked inhibition of S. mutans adherence 
to glass surface by sub-MIC concentrations of gallic 
acid, as compared to the control. The sucrose-
dependent adherence was reduced more (50-60%) than 
the sucrose independent adherence process (40-50%). 
Krepsky et al.33 have suggested that hydrophobicity is 
one of the important properties which allow the 
microorganism to adhere to both living and non-living 
surfaces. The cell surface of S. mutans is more 
hydrophobic than that in other Streptococcus species. 
Hence, changes in cell surface hydrophobicity may 
affect its ability to adhere to the matrix surface. 
Yamashita et al.34 have reported that the agents, which 
inhibit hydrophobicity, also reduce the incidence of 
caries formation. The present findings showed that 
hydrophobicity of S. mutans cells was considerably 
reduced by increasing concentration of gallic acid in 
the growth medium. Further, the cell-surface 
hydrophobicity is also associated with cell-surface 
proteins35. Thus, it is likely that the observed reduction 
in hydrophobicity could be due to the binding of the 
polyphenols to proteins associated with the cell 
surface. Yamanaka-Okada et al.36 have reported that 
proanthocyanidins present in cranberry reduced 
hydrophobicity of S. mutans and S. sorbinus. This may 
be due to binding and/or masking of hydrophobic 
proteins present on the cell surface of S. mutans by the 
proanthocyanidins present in cranberry.  
 
The acidogenecity and acidurance are other 
physiological factors associated with the cariogenic 
potential of Streptococcus mutans. Thus, the incidence 
of caries formation can be reduced by reducing the acid 
production or by inhibiting the activity of enzymes 
associated with the growth and glycolysing systems of 
S. mutans37. The present data showed that acid 
production by S. mutans was markedly inhibited in 
presence of gallic acid. Although the exact mechanism 
of acid tolerance is unknown, but it is possible that the 
flavonoids and tannins can bind and precipitate various 




Fig. 2 — Fluorescent images of S. mutans. (A) control; and (B) in 
the presence of gallic acid (68 µg/mL) after 24 h of incubation 
[Magnification 400X. The assays were performed in triplicates, 
essentially with identical results] 
 




protons from the cytoplasm by the action of F-ATPase 
or ATPase. The present findings further corroborate 
the contention that the polyphenols have anti-growth 
property for S. mutans.  
 
Fluorescence microscopic analysis revealed that 
control cells were present as clumps due to secretion of 
extracellular polysaccharide complex containing 
insoluble glycans. However, in presence of gallic acid, 
the bacterial cells were present in isolation, which 
suggested the inhibition of biofilm formation under 
these conditions. These observations are also in 
agreement to data on the inhibition of biofilm 
formation by polyphenols in S. mutans. Thus, the 
effectiveness of polyphenols in inhibiting the growth 
of S. mutans is presumably due to the inhibition of 
biofilm formation as result of the inactivation of 
dextransucrase and glycosyltransferase31,32 under these 
conditions. Since extracellular polysaccharides are 
produced by the bacterium for its adherence to tooth 
surface, the inhibition of formation of these structures 
by gallic acid, could be useful in the cure and 
prevention of dental caries. A similar phenomenon was 
also observed by Rukayadi et al.38 who reported that 
the compound macelignan isolated from Myristica 
fragrans showed antibiofilm formation activity against 
S. mutans and S. sanguis. It may be interesting to 
examine the effect of gallic acid on other oral bacteria 
to establish the specificity of this phenomenon. 
 
Conclusion 
The present data shows that gallic acid, a naturally 
occurring constituent of edible fruits and vegetables, is 
a potent inhibitor of Streptococcus mutans growth  
in vitro. The cariostatic action of this compound is 
apparently due to inhibition of glycosyltransferase 
activity in S. mutans. The polyphenol also inhibited (a) 
biofilm formation, (b) hydrophobicity, and (c) acid 
production in S. mutans. Thus, gallic acid a naturally 
occurring compound could have potential application in 
the prevention of dental caries. However, its efficacy 
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